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1
SEMICONDUCTOR LIGHT DEVICE HAVING
A GALVANIC NON-INSULATED DRIVER

RELATED APPLICATIONS

The present application is a national stage entry according
to 35 U.S.C. §371 of PCT application No.: PCT/EP2012/
068177 filed on Sep. 14, 2012, which claims priority from
German application No.: 102011 084 795.2 filed on Oct. 19,
2011, and is incorporated herein by reference in its entirety.

TECHNICAL FIELD

Various embodiments relate to a semiconductor light-emit-
ting device, having a plurality of semiconductor light sources
and a driver without galvanic isolation for operating the semi-
conductor light sources.

WO 2010/092110 Al discloses a light-emitting device
which has a heat sink including at least one carrier applied to
its outer side for at least one semiconductor light source, in
particular light-emitting diode, and a cutout for accommodat-
ing a driver and at least one electrically insulating feed, which
connects the cutout to the outer side of the heat sink, wherein
the feed has a resting area which is connected to the outer side
of the heat sink with the surfaces flush and which is at least
partially covered by the carrier.

SUMMARY

Various embodiments provide a less expensive and more
energy-saving semiconductor light-emitting device.

Various embodiments provide a semiconductor light-emit-
ting device, including a plurality of semiconductor light
sources and a driver with no galvanic isolation for operating
the semiconductor light sources. In addition, the semiconduc-
tor light sources are divided into at least two carriers, the
carriers are applied on an electrically conductive substrate,
and the driver, and current-conducting regions also provided
on a surface of the carriers, are electrically insulated from the
substrate.

The semiconductor light sources can be arranged and
aligned in a particularly versatile manner by being distributed
among the at least two carriers. As a result, in particular a
desired light emission characteristic or a light emission pat-
tern can be provided comparatively easily. This enables an
inexpensive and energy-saving semiconductor light-emitting
device. By virtue of the electrical isolation of the driver (as a
common actuation circuit for actuating the semiconductor
light sources) and the current-conducting regions, a driver
without galvanic isolation can also be used without any prob-
lems in respect of safety when touching contact is made with
the electrically conductive substrate (for example a heat sink).
Since a driver without galvanic isolation generally has a
higher degree of efficiency than a driver which galvanically
isolates the primary side and the secondary side from one
another, namely typically of more than 90%, and in addition
can be constructed at less expense, as a result the provision of
a particularly inexpensive and energy-saving semiconductor
light-emitting device is assisted. Thus, for example, no safety
clearances are required in the driver from the primary side to
the secondary side, as is often prescribed in the case of a driver
outputting a protective voltage using a transformer. Isolation
between the primary side and the secondary side can instead
primarily take place between the carrier and the electrically
conductive substrate (for example a heat sink).
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If the driver is configured as a transformerless driver, the
transformer can advantageously be replaced by a coil or a
buck configuration/a step-down converter.

According to various embodiments, the driver is config-
ured as a driver which outputs an (operating) voltage for
operating the semiconductor light sources which is higher
than a safety extra low voltage (SELV), a protective extra low
voltage (PELV) or a functional extra low voltage (FELV). In
principle, however, a low voltage is also conceivable as an
operating voltage.

The operating voltage can advantageously be a DC voltage
which is greater than or equal to 25 volts, in particular greater
than or equal to 50 volts. However, in principle, a DC voltage
with a lower value and an AC voltage are also usable as an
operating voltage.

According to various embodiments, the at least one semi-
conductor light source includes at least one light-emitting
diode. In the event of a provision of a plurality of light-
emitting diodes, these can illuminate in the same color or in
different colors. A color can be monochrome (for example
red, green, blue etc.) or multichrome (for example white). The
light emitted by the at least one light-emitting diode can also
be an infrared light (IR LED) or an ultraviolet light (UV
LED). A plurality of light-emitting diodes can generate a
mixed light; for example a white mixed light. The at least one
light-emitting diode can contain at least one wavelength-
modifying phosphor (conversion LED). The phosphor can
alternatively or additionally be arranged remotely from the
light-emitting diode (remote phosphor). The at least one
light-emitting diode can be present in the form of at least one
individually housed light-emitting diode or in the form of at
least one LED chip. A plurality of LED chips can be mounted
on a common substrate (submount). The at least one light-
emitting diode can be equipped with at least one dedicated
and/or common optical element for beam guidance, for
example at least one Fresnel lens, a collimator, etc. Instead of
or in addition to inorganic light-emitting diodes, for example
on the basis of InGaN or AllnGaP, in general also organic
LEDs (OLEDs, for example polymer OLEDs) can be used.
Alternatively, the at least one semiconductor light source can
have, for example, at least one diode laser.

One configuration consists in that at least two of the carri-
ers are arranged at an angle to one another. This can be
achieved, for example, by virtue of the fact that the substrate
or resting regions of the substrate for the carriers are angled
with respect to one another. Thus, it is possible to produce a
versatile angular alignment of the semiconductor light
sources in a simple manner.

A further configuration consists in that the carriers are
electrically connected to one another via at least one unsup-
ported connecting line. An unsupported connecting line can
in particular be understood to mean a connecting line which is
not connected over its length to a fixed substrate (for example
a conductor track), but can be laid at least in principle freely,
at least sectionally (such as, for example, a wire or a cable).
An unsupported connecting line has the advantage that an
electrical connection of carriers which can be arranged flex-
ibly is possible using simple means. This is in particular the
case if the substrate has edges or gaps, such as can occur in
particular in the case of resting regions of the substrate which
are at an angle to one another and/or stepped. In addition,
usually relatively low ohmic resistances and/or relatively
high current intensities can be achieved. Furthermore, an
unsupported connecting line can be electrically insulated par-
ticularly effectively. However, in principle, at least one fix-
edly laid (not unsupported) connecting line, for example a
conductor track, can also be used.
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A further configuration consists in that the at least one
unsupported connecting line, in particular cable, is a connect-
ing line with threefold insulation. This simplifies the laying
process for the line since it is then possible for the line then
also to touch the electrically conductive substrate, without
posing any hazard, to be precise even for voltages which are
higher than safety voltages, in particular higher than a safety
extra low voltage (SELV), a protective extra low voltage
(PELV) or a functional extra low voltage (FELV).

Yet a further configuration consists in that an insulating
element is provided in a region between two carriers beneath
the at least one electrical connecting line connecting said
carriers. The insulating element can be, for example, a top
layer which is laid locally between two carriers on the sub-
strate(s) and in particular covers a region of the electrically
conductive substrate with which touching contact can be
made by the at least one connecting line (for example when
the connecting line is intentionally or unintentionally bent
onto the substrate). Thus, the requirements placed on the
electrical insulation of the at least one connecting line can be
reduced. In particular, the at least one connecting line can
then only have single insulation, for example a cable. The
insulating element can be, for example, a plastic element.

It is a preferred development for producing long leakage
paths and a sufficiently high dielectric strength for at least one
of the carriers to be an electrically insulating carrier. The
carrier can have one or more wiring layers.

Another configuration consists in that at least one of the
carriers is an (in particular compact) ceramic carrier. A
ceramic carrier has a particularly high electrical insulation
capacity and typically also has good thermal conductivity,
with the result that effective heat dissipation from the semi-
conductor light source is assisted. The ceramic may include,
for example, A1203, AIN, BN or SiC. The ceramic carrier
may also be configured as a multilayered ceramic carrier, for
example using LTCC technology. In this case, for example,
layers with different materials, for example with different
ceramics, can also be used. These may be configured, for
example, alternately so as to be a high degree of dielectric
strength and a low degree of dielectric strength.

In addition, a configuration consists in that at least one of
the carriers includes a printed circuit board basic material (for
example FR4) or is a printed circuit board, which, in com-
parison with a ceramic carrier, is very inexpensive. In particu-
lar, the use of an insulated metal substrate (IMS) or a metal-
core printed circuit board (MCPCB) as carrier is also
possible.

In order to achieve particularly advantageous compromise
between maximization of the insulation gap, on the one hand,
and minimization ofthe thermal path between the light source
and the substrate, on the other hand, a thickness of the carrier
can advantageously be in the range of between 0.15 mm and
1 mm.

The carrier advantageously has a dielectric strength of at
least 4 kV, in order that overvoltage pulses at least of this order
of magnitude cannot pass through the carrier.

Advantageously, the carrier can be fastened to the substrate
by means of an electrically insulating and in particular ther-
mally conductive interface layer. The additional electrical
insulation enables a further increased level of dielectric
strength and extended leakage paths.

The electrically insulating interface layer can advanta-
geously be adhesive on both sides for the reliable connection
between the carrier and the substrate. The interface layer is
advantageously a thermal interface material (TIM), such as a
thermally conductive paste (for example silicone oil with
additives of aluminum oxide, zinc oxide, boron nitride or
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silver powder), a film or an adhesive. The film can also be
present, for example, in the form of a double-sided adhesive
tape. The adhesive can have been applied to both sides, for
example by means of a dispersing operation and subsequent
use of a doctor blade. In particular a TIM interface layer can
in particular have the advantages of a high dielectric strength
and an extension of the leakage path with good thermal per-
meability. Also, by means of the interface layer, a screwless
design can be achieved, by means of which an insulation
region otherwise required on the carrier around the screw
bushings leading to the heat sink can be dispensed with. This
promotes a compact design of the light-emitting device.
However, the carrier can in principle also be fastened to the
heat sink in another way. Thus, the carrier can also be screwed
to the substrate by means of one or more plastic screws.

In addition, one configuration consists in that the carrier is
applied to the substrate via the electrically insulating inter-
face layer, and the interface layer protrudes laterally beyond
the carrier. As aresult, a leakage path at the respective rim can
be extended by the length by which the electrically insulating
interface layer protrudes laterally beyond the respective rim.

In addition, one configuration consists in that the substrate
is a surface of a heat sink. As a result, a compact design and
effective cooling of the semiconductor light sources are
enabled. The heat sink can advantageously consist of a mate-
rial with good thermal conductivity of A>10 W/(m'K), par-
ticularly preferably A>100 W/(m-K), in particular of a metal
such as aluminum, copper or an alloy thereof. However, the
heat sink can also consist completely or partially of a plastic;
particularly advantageous for the electrical insulation and
extension of the leakage paths is an electrically insulating
plastic with good thermal conductivity, but it is also possible
to use an electrically conductive plastic with good thermal
conductivity. The heat sink can preferably be symmetrical, in
particular rotationally symmetrical, for example about a lon-
gitudinal axis.

The heat sink can advantageously have cooling elements,
for example cooling ribs or cooling pins.

A further configuration consists in that at least two carriers
are configured as printed circuit board regions of a common
flexible printed circuit board. As a result, it is possible to
dispense with a separate connecting line, and instead a sub-
region of the flexible printed circuit board can be used as the
electrical connection. Such a light-emitting device can be
assembled particularly easily and is reliable.

A configuration which is advantageous for simplifying
fitting and maintaining a distance between that subregion of
the flexible printed circuit board which is used as the electri-
cal connection and the substrate consists in that the at least
two printed circuit board regions are arranged on in each case
one heat spreading element with good thermal conductivity
which is arranged on the electrically conductive substrate.

A development consists in that the heat-spreading element
is electrically conductive, for example consists of metal, in
particular of aluminum. Such a heat-spreading element is
easily shapeable, has a high degree of thermal conductivity
and is inexpensive. However, the heat-spreading element may
also consist of an electrically conductive ceramic.

A further development consists in that the heat-spreading
element is electrically insulating, which increases the dielec-
tric strength and a length of leakage paths. Such a heat-
spreading element can in particular have good thermal con-
ductivity, and in particular consist of ceramic.

The heat-spreading element and the substrate can also be
formed integrally.

Yet a further configuration consists in that the at least one
unsupported connecting line is formed between two printed
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circuit board regions by at least one narrowed connecting
region of the flexible printed circuit board, said connecting
region having at least one conductor track. The narrowing
facilitates bending of the connecting region. The narrowing
can be implemented as early as during manufacture of the
flexible printed circuit board or by a subsequent removal of
material (for example milling or cutting).

Yet a further configuration consists in that the semiconduc-
tor light-emitting device is a retrofit lamp or is configured as
a module therefor. The retrofit lamp can be overall an incan-
descent lamp retrofit lamp or a halogen lamp retrofit lamp.

The driver can in particular be accommodated in a cutout or
cavity in a heat sink. Preferably, the cutout has an insertion
opening for inserting the driver, for example a driver printed
circuit board. The insertion opening in the cutout can advan-
tageously be located at a rear side of the heat sink. The
insertion opening and the feed are advantageously located on
opposite sides of the cutout. The cutout can be cylindrical, for
example. The cutout can advantageously be electrically insu-
lated from the heat sink in order to avoid direct leakage paths,
for example by means of an electrically insulating cladding
(also referred to as housing of the driver cavity, HDC), for
example in the form of a plastic tube inserted into the cutout
through the insertion opening. The cladding may include one
or more fastening elements for fastening the driver.

A development consists in that the cutout is connected to
the outer side of the heat sink by means of an electrically
insulating feed. The feed is used in particular for feeding or
leading through at least one electrical line between the driver
located in the cutout and at least one semiconductor light
source or the carrier equipped therewith. The feed and the
cladding may be configured integrally as a single element. As
the cladding is inserted into the cutout, at the same time the
feed is then also pushed through a through-opening in the heat
sink.

The at least one electrical line, which can be in the form of
a wire, a cable or connector of any type, for example, can be
contact-connected by means of any suitable method, for
example by means of soldering, resistance welding, laser
welding, etc.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, like reference characters generally refer to
the same parts throughout the different views. The drawings
are not necessarily to scale, emphasis instead generally being
placed upon illustrating the principles of the disclosed
embodiments. In the following description, various embodi-
ments described with reference to the following drawings, in
which:

FIG. 1 shows a sketch as a sectional illustration in a side
view of a semiconductor light-emitting device including a
driver without galvanic isolation in the form of an incandes-
cent lamp retrofit lamp; and

FIGS. 2to 7 each show a sectional illustration in a side view
of a detail of a first to sixth possible configuration of the
semiconductor light-emitting device in the region of its front
side equipped with semiconductor light sources.

DETAILED DESCRIPTION

The following detailed description refers to the accompa-
nying drawing that show, by way of illustration, specific
details and embodiments in which the disclosure may be
practiced.

FIG. 1 shows a semiconductor light-emitting device 11 in
the form of an incandescent lamp retrofit lamp. The semicon-
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6

ductor light-emitting device 11 has a heat sink 12 consisting
of'aluminum, which has a cutout 13 (driver cavity) for accom-
modating a driver 14. The driver 14 serves the purpose of
converting electrical supply signals available via a lamp base
15 into electrical operating signals for operating a plurality of
semiconductor light sources in the form of light-emitting
diodes 16.

Thelamp base 15 is in this case present, by way of example,
in the form of an Edison base, which can in particular be
inserted into a lampholder to which a mains voltage can be
applied. The lamp base 15 closes a rearward insertion open-
ing 13a of the cutout 13 and represents a rear end of the
semiconductor light-emitting device 11.

In contrast, the light-emitting diodes 16 are fitted to a front
side 17 of the heat sink 12 and can be covered, for example, by
a light-transmissive (transparent or diffuse) bulb 18. The
light-emitting diodes 16 can in particular be present as LED
chips.

The driver 14 is configured as a driver without galvanic
isolation, i.e. its primary side which is electrically connected
to the lamp base 15 and its secondary side which is electri-
cally connected to the light-emitting diodes 16 are not gal-
vanically isolated from one another, which enables a high
degree of efficiency. In order to electrically insulate the driver
14 with respect to the heat sink 12, the cutout 13 is clad with
an electrically insulating cladding 19 in the form of a plastic
tube inserted into the cutout 13. The cutout 13 is connected to
the front side 17 of the heat sink 12 by means of an electrically
insulating feed 20 and is electrically connected to the light-
emitting diodes 16 via electrical lines 21 passing through the
feed 20.

FIG. 2 shows a detail of the semiconductor light-emitting
device 11 with a first possible configuration 11q in the region
of'its front side 17 populated with light-emitting diodes 16.

The light-emitting diodes 16 are distributed among at least
two carriers 22, of which in this case a first carrier 22a1 and
a second carrier 22b1 are illustrated. The two carriers 22 or
22a1 and 2251 are applied to the electrically conductive heat
sink 12 on the substrate, to be precise on mutually adjoining
resting regions 23a and 235, respectively, which are at an
angle to one another.

The driver 14 is electrically connected to the carrier 22al
via at least one of the electrical lines 21 (see FIG. 1), and
(since the carrier 22al has an upper-side wiring layer 24
which electrically connects a contact point 25 of the electrical
line 21 to the light-emitting diode 16) therefore also to the
light-emitting diode 16. In addition, the carriers 224l and
22b1 are electrically connected to one another via an unsup-
ported connecting line 26, for example in order to implement
an electrical series circuit or parallel circuit of the carriers
22al and 22561 or of the light-emitting diodes 16 applied
thereto.

In order to ensure electrical insulation of the current-con-
ducting regions provided on a surface of the carriers 2241 and
22b1 (i.e. the wiring layer 24 and the contact point 25) with
respect to the heat sink 12, the carriers 2241, 2251 in this case
consist of an electrically insulating material, namely compact
ceramic. While the front side of the (ceramic) carriers 2241,
22b1 is populated with the light-emitting diodes 16, the car-
riers 22al, 2251 are fastened with their rear side, via a double-
sided adhesive tape 27 acting as electrically insulating inter-
face layer and TIM layer, on the respective resting region 23a
and 234, respectively.

A leakage path k1 extends, for example, on the carrier 2251
from the contact point 25 to the next lateral rim (deducting the
thickness of the carrier 22561 and the adhesive tape 27).
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In order to ensure that the unsupported connecting line 26
is sufficiently well electrically insulated from the heat sink
12, to be precise even when the connecting line 26 is intended
to make touching contact with the heat sink 12, the connect-
ing line 26 has threefold insulation, for example is in the form
of a cable with three-fold insulation.

FIG. 3 shows a detail of the semiconductor light-emitting
device 11 with a second possible configuration 115 in the
region of its front side 17 populated with the light-emitting
diodes 16.

In contrast to the semiconductor light-emitting device 11 in
its first possible configuration 11a, the double-sided adhesive
tape 27 now protrudes laterally beyond the respective carrier
22a1,22b1. The leakage path k1 is therefore extended by the
lateral overhang k2 of the double-sided adhesive tape 27
acting as additional insulation, which improves a protective
effect.

FIG. 4 shows a detail of the semiconductor light-emitting
device 11 with a third possible configuration 11¢ in the region
of'its front side 17 populated with the light-emitting diodes
16. This configuration 11¢ differs from the second configu-
ration 115 in that the carriers 2242 and 2252 are now pro-
duced substantially with a printed circuit board basic material
as the electrical insulating material, in particular with or
including FR4. This enables a more cost-efficient design.

FIG. 5 shows a detail of the semiconductor light-emitting
device 11 with a fourth possible configuration 114 in the
region of its front side 17 populated with the light-emitting
diodes 16. This configuration 11d differs from the preceding
configurations 11a-c¢ (shown by way of example in relation to
the first possible configuration 11a) in that an electrically
insulating insulating element 31 is provided in a region
between the two carriers 2241 and 2251 beneath the connect-
ing line 30. The insulating element 31 is in this case a top layer
consisting of plastic and in particular covers a region of the
front side 17 of the heat sink 12, with which touching contact
could be made by the connecting line 30, for example when
the connecting line 30 rests intentionally or unintentionally
on the heat sink 12. Thus, requirements placed on the electri-
cal insulation of the at least one connecting line 30 can be
reduced, and this connecting line can then now only have
single insulation, for example.

FIG. 6 shows a detail of the semiconductor light-emitting
device 11 with a fifth possible configuration 11e in the region
of'its front side 17 populated with the light-emitting diodes
16. In this case, the carriers are configured as printed circuit
board regions 2243 and 2253 of a common flexible printed
circuit board 32. The flexible printed circuit board 32 has a
flexible, electrically insulating substrate 33 with a metallic
wiring layer 34. The two printed circuit board regions 22a3
and 2263 shown are arranged on in each case one heat-
spreading element 35 consisting of aluminum, which is fas-
tened on the heat sink 12 via the laterally protruding double-
sided adhesive tape 27.

The unsupported connecting line 36 between the printed
circuit board regions 2243 and 2253 is formed by a narrowed
(in this case perpendicular to the plane of the figure) region
having at least one conductor track of the wiring layer 34
(“connecting region”) of the flexible printed circuit board 32.
The printed circuit board regions 22a3 and 22543 and the
connecting line 36 are therefore integral components of the
flexible printed circuit board 32. This configuration 11e is
thus particularly reliable and can be fitted particularly easily.
The simplicity of installation and electrical insulation of the
connecting line 36/the connecting region with respect to the
heat sink 12 is assisted by the provision of the heat-spreading
elements 35.
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FIG. 7 shows a detail of the semiconductor light-emitting
device 11 with a sixth possible configuration 11fsimilar to the
fifth configuration.

In this case, the heat-spreading elements 37 now consist of
ceramic. This extends a leakage path and thus enables a more
versatile configuration of the printed circuit board regions
2243 and 2253.

While the disclosed embodiments have been particularly
shown and described with reference to specific embodiments,
it should be understood by those skilled in the art that various
changes in form and detail may be made therein without
departing from the spirit and scope of the disclosed embodi-
ments as defined by the appended claims. The scope of the
disclosed embodiments is thus indicated by the appended
claims and all changes which come within the meaning and
range of equivalency of the claims are therefore intended to be
embraced.

Thus, features of the possible configurations shown can
also be mixed and/or replaced, for example by providing a
laterally protruding double-sided adhesive tape.

A carrier can also have one or more semiconductor light
sources.

The invention claimed is:

1. A semiconductor light-emitting device, comprising:

a plurality of semiconductor light sources and

a driver with no galvanic isolation for operating the semi-

conductor light sources, wherein

the semiconductor light sources are divided into at least

two carriers,

the carriers are applied on an electrically conductive sub-

strate,

and the driver, and current-conducting regions also pro-

vided on a surface of the carriers, are electrically insu-
lated from the substrate,

wherein the carriers are electrically connected to one

another via at least one unsupported connecting line,

wherein the at least one unsupported connecting line is a

connecting line with threefold insulation.

2. The semiconductor light-emitting device as claimed in
claim 1, wherein at least two of the carriers are arranged so as
to be angled with respect to one another.

3. The semiconductor light-emitting device as claimed in
claim 1, wherein an insulating element is provided in a region
between two carriers beneath at least one electrical connect-
ing line connecting said carriers.

4. The semiconductor light-emitting device as claimed in
claim 1, wherein at least one of the carriers is a ceramic
carrier.

5. The semiconductor light-emitting device as claimed in
claim 1, wherein at least one of the at least two carriers is
applied to the substrate via an electrically insulating interface
layer, and the interface layer protrudes laterally beyond the
carrier.

6. The semiconductor light-emitting device as claimed in
claim 1, wherein the substrate is a surface of a heat sink.

7. A semiconductor light-emitting device as claimed in
claim 1, wherein the semiconductor light-emitting device is a
retrofit lamp.

8. A semiconductor light-emitting device, comprising:

a plurality of semiconductor light sources and

a driver with no galvanic isolation for operating the semi-

conductor light sources, wherein

the semiconductor light sources are divided into at least

two carriers,

the carriers are applied on an electrically conductive sub-

strate, and the driver, and current-conducting regions
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also provided on a surface of the carriers, are electrically
insulated from the substrate,

wherein at least one of the carriers comprises a printed
circuit board basic material.

9. A semiconductor light-emitting device, comprising:

a plurality of semiconductor light sources and

a driver with no galvanic isolation for operating the semi-
conductor light sources, wherein

the semiconductor light sources are divided into at least
two carriers,

the carriers are applied on an electrically conductive sub-
strate,

and the driver, and current-conducting regions also pro-
vided on a surface of the carriers, are electrically insu-
lated from the substrate,

wherein the carriers are electrically connected to one
another via at least one unsupported connecting line,

wherein at least two carriers are configured as printed
circuit board regions of a common flexible printed cir-
cuit board.

10

15

10

10. The semiconductor light-emitting device as claimed in
claim 9, wherein the at least two printed circuit board regions
are arranged on in each case one heat-spreading element,
which is arranged on the electrically conductive substrate.

11. The semiconductor light-emitting device as claimed in
claim 9, wherein the at least one unsupported connecting line
is formed between two printed circuit board regions by at
least one narrowed connecting region of the flexible printed
circuit board, said connecting region having at least one con-
ductor track.

12. The semiconductor light-emitting device as claimed in
claim 10, wherein the at least one unsupported connecting
line is formed between two printed circuit board regions by at
least one narrowed connecting region of the flexible printed
circuit board, said connecting region having at least one con-
ductor track.



